Of 11 strains of Acetobacter tested, three strains of A . xylinum (IF0 3288, I F 0 13693 and I F 0 13772), two strains of A . aceti (IF0 3281 and IF0 3283), one strain of A . pasteurianus (IF0 3223) and one strain of A . rancens (IF0 3297) were found to produce 2-25 mg per 100 ml culture filtrate of a mixture of (1+2)-/?-~-glucans and (1+2)-/?-~-gluco-oligosaccharides as lowmolecular-weight products. The glucans and oligosaccharides were linear without branching structures and their degrees of polymerization (DPs) ranged from 6 to about 42. The compounds with lower DPs did not seem to be produced by hydrolysis of those with higher DPs. A . xylinum I F 0 3288 and A . xylinum I F 0 13693 also produced extracellular acidic polysaccharides containing L-rhamnose, D-glucose, D-mannose and uronic acid.
INTRODUCTION
Strains of Agrobacterium and Rhizobium produce cyclic (1+2)-/?-D-glUCan both extracellularly (Hisamatsu et al., 1982; Dell et al., 1983; Zevenhuizen & van Neerven, 1983 ) and intracellularly (Zevenhuizen & Scholten-Koerselman, 1979; Abe et al., 1982) . This glucan is unique in molecular form (cyclic form) and molecular size (DPs 17-24 -Dell et al., 1983; Hisamatsu et al., 1983; Koizumi et al., 1983 ; DPs 17-40 - Koizumi et al., 1984) and has so far been found only in strains of these genera. Previously, Sandermann & Dekker (1979) reported that membrane preparations of Acetobacter xylinum catalyse the transfer of D- [ 14C]glucose from UDP-D- [ 14C] glucose to a /?-( 1+2)-linkage. This implies that this organism also produces (1 -+2)-P-~-glucan. In this work we prepared a low-molecular-weight (LMW) fraction from cultures of 11 strains of Acetobacter essentially by the procedures used to prepare cyclic (1 +2)-/?-D-glucan of Agrobacterium and Rhizobium, and examined whether this glucan is present in this fraction.
METHODS
Organisms. Acetobacter xylinum I F 0 3288, I F 0 13693 and I F 0 13772, A . acetigenum I F 0 3277, I F 0 3278, I F 0 3279 and I F 0 3280, A . aceti I F 0 3281 and I F 0 3283, A . pasteurianus I F 0 3223 and A . rancens I F 0 3297 were used. These 11 strains were obtained from the Institute for Fermentation, Osaka, Japan (IFO).
Media. Strains were maintained on slopes of medium containing (per 100 ml distilled water): glucose, 0.5 g; peptone, 0.5 g; yeast extract, 0.5 g; MgS0,.7H,O, 0.2 g; agar, 1-5 g and CaC03, 1 g (pH 7.0).
The medium used to examine polysaccharide production contained (per 100 ml distilled water): glucose, 4 g; (NH,)2HP04. 0.15 g; KH2P04, 0.1 g; MgS04.7H,0, 0.05 g; NaCl, 1 mg; CaCl,, 1 mg; MnClz.4H20, 1 mg; yeast extract, 100 mg; CaCO,, 0.5 g (pH 7.0). The carbon source and CaCO, were sterilized separately and mixed with other components before use.
For pellicle formation by static cultures the glucose/yeast extract medium described by Steel & Walker (1957) was used.
Ahhreriations: DP, degree of polymerization: LMW, low molecular weight; PC, paper chromatography; TFA, trifluoroacetic acid. which were detected by spraying the chromatogram with H,SO,. The R, values of these spots coincided with those of (1+2)-/?-~-gluco-oligosaccharides (sophoro-oligosaccharides) obtained by partial hydrolysis of standard cyclic (I-t2)-P-D-glUCan (Fig. 1 b) . The spot with the highest RF value was located in the same position as sophorohexaose. Two faint spots were also detectable between sophorose and sophoropentaose, which differed from sophoro-oligosaccharides in R,
values. Partial hydrolysis of the LMW neutral fraction with TFA resulted in formation of glucose and oligosaccharides with higher RF values corresponding to those of sophorose, sophorotriose, etc. (Fig. 1 c) . Complete acid hydrolysis of this fraction yielded only glucose ( of the LMW neutral fraction were found by PC to be glucose, oligosaccharides corresponding to sophoro-oligosaccharides and laminarabiose, formed by the transglucosylation activity of p-D-glucosidase, and the final product of hydrolysis, glucose. The faint spot seen between sophorotetraose and sophoropentaose on the thin-layer chromatogram ( Fig. 1 b) was observed as a more intense spot with AgNO, reagent on the paper chromatogram. This also shows that this material with strong reducing power is not sophoro-oligosaccharide, which gives a weak reaction with AgN03 reagent because of the linkage at carbon 2. Methylation of the LMW neutral fraction and subsequent hydrolysis of the methylated product yielded mainly 3,4,6-tri-O-methyl-~-glucose with some 2,3,4,6-tetra-O-methyl-~-glucose. No appreciable amounts of di-methyl sugars or other tri-methyl sugars were found, indicating that the neutral fraction is composed predominantly of (1+2)-linked D-glucosyl residues without branching.
The LMW neutral fraction was subjected to HPLC on an NH2-bonded silica column under various conditions. The elution profiles were superposable on those of a partial acid hydrolysate of cyclic (1-2)-/3-D-glucan. One of the elution profiles is shown in Fig. 2 . The DPs of the peaks shown were determined by comparison with the DPs of a partial acid hydrolysate of cyclic (1+2)-P-~-glucan. The last detectable peak corresponded to DP 42. Several peaks eluted earlier than sophorohexaose were not sophoro-oligosaccharide, judging from the retention times.
When the LMW neutral fraction was mixed with a partial hydrolysate of cyclic (1-+2)-p-Dglucan (DP 27) and injected into the column, the peaks of the two samples were found to coincide exactly without any shoulders or broadened peaks (Fig. 3) , while when mixed with cyclic (1+2)-P-D-glUCan (a mixture of cyclic glucans of DPs 17-40) of R. rneliloti I F 0 13336, the peaks of the two samples did not coincide. Thus, the LMW neutral fraction was confirmed to consist of a mixture of linear (1+2)-p-D-glucans and (1+2)-~-~-gluco-oligosaccharides.
Although the lowest DP of the sophoro-oligosaccharides in the preparation was 6, it seemed possible that sophoro-oligosaccharides of DP lower than 6 might be present in the culture filtrate and might be removed from the filtrate during the alcohol fractionation used to prepare the LMW neutral fraction. To examine this possibility, the culture supernatant (6-d culture) was passed through columns of Amberlite IR-120B (H+-form) and Amberlite IR-45 (OH--form) without alcohol fractionation, and subjected to TLC. Hexaose and higher oligosaccharides were found on the chromatogram, but lower sophoro-oligosaccharides were not. The next problem was whether the oligosaccharides and lower-molecular-weight glucans present in the preparation were produced by enzymic degradation of high-molecular-weight glucans during cultivation. We examined this problem by TLC of the LMW neutral fractions obtained from cultures on days 1, 2, 3, 4 and 6. The chromatographic patterns from all these samples were the same. Moreover, by TLC, we could not detect degrading activities against sophoro-octaose and the LMW neutral fraction in the cell-free extract and culture filtrate of strain IF0 3288, and this organism could not use the LMW neutral fraction, cyclic (1+2)-fl-~-glucan of Agrobacterium radiobacter IF0 12665b1, or sophoro-octaose as the sole source of carbon. From these results we concluded that the oligosaccharides and lower-molecular-weight glucans are not produced from high-molecular-weight glucans by enzymic hydrolysis during cultivation.
Production of (1+2)-fl-~-glucans and (1+2)-fl-~-gluco-oligosaccharides by various strains of
Acetobacter LMW neutral fractions from 10 other strains of Acetobacter were prepared and examined by PC and TLC. A . xylinum IF0 13693 and IF0 13772, A . aceti IF0 3281 and IF0 3283, A . pasteurianus IF0 3223 and A . rancens IF0 3297 were also found to produce a mixture of (1+2)-fl-Dglucans and (1 +2)-fl-~-gluco-oligosaccharides with various DPs. The chromatographic patterns of the (1+2)-P-D-glUCanS and oligosaccharides from each strain were similar to that of strain IF0 3288, and in all cases the smallest DP was 6. The preparations from strains IF0 13693, IF0 13772 and IF0 3223 were also analysed by GLC and confirmed to be composed of (1+2)-glucosidic linkages. Four strains of A . acetigenum (IF0 3277, IF0 3278, IF0 3279 and IF0 3280) did not produce these compounds although 1-3 mg of LMW neutral fraction was obtained. All 10 strains produced an unidentified reducing material located between sophorotetraose and sophoropentaose on paper and thin-layer chromatograms, as found in the preparation of strain IF0 3288.
The amounts of (1-+2)-fl-D-glUCanS and oligosaccharides of 11 strains produced per 100 ml of culture media are shown with the amounts of cells and extracellular acidic polysaccharide in Table 1 . Two strains of A . xylinum (IF0 3288 and IF0 13693) produced an acidic polysaccharide composed of D-glucose, D-mannose, L-rhamnose and uronic acid in a molar ratio of 7-8 : 1 : 2 : 2 and some acyl groups. Pyruvic acid was not detected in the polysaccharide. Static 
DISCUSSION
Strains of Acetobacter were demonstrated to produce (1+2)-p-~-glucans and (1+2)-p-D-glucooligosaccharides with DPs of 6 to about 42 in their culture filtrates. These compounds have a linear structure, unlike the cyclic structure of (1+2)-p-~-glucans obtained from strains of Agrobacterium and Rhizobium. The lowest DP of the latter glucans so far reported is 17, whereas the glucans of Acetobacter contained components with lower DPs. (1+2)-fl-~-Glucans were thought to be rarely occurring polysaccharides and were previously found only in strains of genera of the family Rhizobiaceae. But they may be widely distributed in other micro-organisms, as we found them in the genus Acetobacter.
The biological functions of (1+2)-p-D-glUCanS in bacteria are unknown, but there is evidence that cyclic (1+2)-P-~-glucan from Rhizobium influences symbiosis in leguminous plants. Abe et al. (1982) demonstrated that cyclic (1+2)-P-~-glucan from R . trifolii 4s increases infection thread formation and nodulation in clover, the host plant. A . xylinurn is known to produce cellulose ((l-+p-D-glUCm). Some workers (Walker & Wright, 1957; Weigel, 1961 ; Kjosbakken & Colvin, 1975; Colvin et al., 1977) have suggested that a water-or alkali-soluble polymer may be a precursor of cellulose. The polymers they isolated are related to cellulose in chemical structure, although the polymer reported by Colvin et al. (1977) has branches of single glucosyl residues attached by p-( 1-+2)-linkages to the main chain of p-( 1+4)-linkages. However, the water-soluble glucans examined in the present study are unlikely to be related to cellulose synthesis, since they were composed exclusively of p-( 1+2)-linkages and their production was not related to ability of cellulose pellicle formation, as shown in Table 1 .
The (1+2)-P-D-ghCanS isolated from the culture filtrates of Acetobacter are probably the same type as the glucan synthesized from UDP-~-[~~C]glucose by membrane fractions of A . xylinum (Sandermann & Dekker, 1979) . Their glucan has a much higher molecular weight, and is eluted in the void volume from Sephadex G-100, whereas the highest DP of the glucans detected here was only 42. We examined only LMW fractions obtained by ethanol fractionation of culture filtrates for the presence of (1+2)-P-D-glucan, but all the strains tested produced appreciable (Valla & Kjosbakken, 1981; Couso et al., 1982) .
